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Description

TECHNICAL FIELD

[0001] The present invention generally relates to sem-
iconductor devices. More particularly, this invention re-
lates to a programmable memory transistor having a
floating gate that exhibits improved voltage retention.

BACKGROUND OF THE INVENTION

[0002] Programmable memory transistors (PMT), in-
cluding electrically programmable read only memory
(EPROM) and electrically erasable programmable read
only memory (EEPROM) devices, are a type of insulated
gate field effect transistor (IGFET) having nonvolatile
memory. As used in the art, "nonvolatile" refers to the
retention of memory without the need of a power source,
here by trapping a charge on a "floating" gate disposed
above the IGFET channel region and typically below a
conventional control gate electrode, such that the control
and floating gates are "stacked." The floating gate is de-
scribed as "floating" because it is electrically insulated
from the channel region by a gate oxide, typically insu-
lated from the control gate by a "tunnel" oxide, and not
directly accessed by any electrical conductor. PMT’s can
be electrically programmed after manufacture by placing
an electrical charge on the floating gate by the effects of
tunneling or avalanche injection from the control gate
electrode through the tunnel oxide. Once an electrical
charge is placed on the floating gate, the charge is
trapped there until it is deliberately removed, such as by
exposure to ultraviolet light. The trapped charge on the
PMT floating gate raises the threshold voltage of the un-
derlying channel region of the IGFET, thus raising the
"turn on" voltage of the IGFET to a value above the volt-
age otherwise required for the IGFET. Accordingly, the
IGFET stays "off" even when a normal turn-on voltage is
applied to its control gate electrode.
[0003] Stacked control and floating gates require two
separate conductor layers, typically polysilicon, resulting
in a double-polysilicon ("Poly1/Poly2") device structure.
PMT’s are typically fabricated in the same semiconductor
substrate as MOS (metal-oxide-semiconductor) transis-
tors, which are single-polysilicon layer structures and
therefore require fewer patterning steps than PMT’s.
Therefore, PMT’s have been proposed that make use of
a single polysilicon layer, such as that disclosed in U.S.
Patent No. 6,324,097. An example of another single-
polysilicon PMT is shown in Figure 1, in which a PMT
110 is fabricated on a semiconductor substrate 112
doped with an N-type impurity. A P-well 114 is formed in
a surface region of the substrate 112, and divided by a
field oxide 116 into two active regions. An NMOS tran-
sistor 118 is formed in one of the active regions and con-
ventionally includes source and drain regions 120 and
122 in the P-well 114, a channel 124 between the source
and drain regions 120 and 122, and a gate electrode 126

separated from the channel 124 by a gate insulator 128
(e.g., silicon dioxide). Source and drain metal 130 and
132 make ohmic contact with the source and drain re-
gions 120 and 122, respectively. The gate electrode 126
of the NMOS transistor 118 is a floating gate, in that it is
not directly connected to a gate metal or other conductor.
Instead, the gate electrode 126 is defined by a single
polysilicon layer that also defines a second floating gate
146 of a control gate structure 138 fabricated in the sec-
ond active region of the substrate 112 (on the right-hand
side of Figure 1). The control gate structure 138 repre-
sented in Figure 1 includes two N+ contact diffusions 142
within an N-well 144 (though a single contact diffusion
142 or more than two contact diffusions 142 could be
present). The N-well 144 serves as the control gate of
the control gate structure 138, effectively replacing the
second polysilicon layer of a conventional double-poly-
silicon PMT. The control gate (N-well) 144 is separated
from the second floating gate 146 by a gate oxide 148,
creating what is effectively a coupling capacitor. A control
gate metal 150 contacts the N+ contact diffusions 142 to
provide ohmic contact with the control gate 144.
[0004] When programming the prior art PMT 110, an
electrical charge is placed on the floating gate 126 of the
NMOS transistor 118 by the effect of tunneling or ava-
lanche injection from the channel 124 of the gate elec-
trode 126 through the gate insulator 128 to the floating
gate 126. For this purpose, a sufficiently high potential
must be applied to the control gate metal 150 to capac-
itively induce a charge in the floating gate 146 as well as
the floating gate 126 as a result of the gates 126 and 146
being formed of the same polysilicon layer. Simultane-
ously, the drain region 122 is biased at a high voltage
level while the source region 120 and substrate 112 are
electrically connected to ground, so that electrons are
ejected from the drain region 122 through the gate insu-
lator 128 into the floating gate 126.
[0005] Because of the large interfacial barrier energy
provided by the gate insulator 128, a charge stored onto
the floating gate 126 has a long intrinsic storage time.
For PMT’s of the type shown in Figure 1, the measured
mean decay of a stored potential (Vth) may be about
0.2V/decadeXhours at 160°C. Assuming an initial pro-
grammed mean Vth of about 8V, it would require about
1021 years for the PMT to discharge to a Vth of 3V. At
the end of ten years, the leakage would have dropped to
an average of one electron per day. Vth degradation in
the PMT 110 is the result of and limited by physical proc-
esses. The magnitudes of the electric field and temper-
ature dictate what conduction processes will be domi-
nant. There are three distinct phases of Vth degradation
for nominal PMT’s, each associated with a different pos-
sible physical mechanism of charge distribution/conduc-
tion and each having its own empirical "activation ener-
gy." First there is an initial period of rapid Vth loss, which
is believed to be associated with the depolarization/die-
lectric absorption behavior observed to a lesser or great-
er degree in all capacitor dielectrics. Second, there is an
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intermediate period of charge loss associated with a high
(but less than 6Mvolt/cm, where Fowler-Nordheim tun-
neling is dominant) but decaying electric field. It is pos-
sible that there is movement of trapped electrons during
this intermediate period, which has an "activation energy"
of about 0.2 eV. Ultimately, there is a long period of low
field leakage through the gate insulator. The low field
conduction mechanism is generally accepted as being
conduction by thermionic emission.
[0006] When subjected to elevated temperatures, e.g.,
160°C or more, PMT’s experience a significant initial drop
in Vth attributed to the first degradation phase noted
above. Thereafter, Vth stabilizes, though continuing to
drop at a much lower rate attributed to the second and
third degradation phases noted above. This lower rate is
sufficiently low to permit the reliability of the device to be
judged based on the initial Vth drop. Accordingly, PMT’s
typically undergo a data retention bake, or stress test,
that involves baking at a sufficiently high temperature to
cause the initial drop in Vth. A PMT is deemed to have
passed the stress test if its Vth has not dropped below a
predetermined level at the completion of the high tem-
perature bake.
[0007] From the above, it can be appreciated that
PMT’s capable of exhibiting more stable Vth, correspond-
ing to improved reliability and memory retention time,
would be desirable. It would also be desirable to eliminate
the requirement for a stress test to ascertain reliability of
a PMT.

BACKGROUND PRIOR ART

[0008] US 5 719 427 discloses a single-polysilicon
PMT including an NMOS transistor as well as a coupling
capacitor. The coupling capacitor exhibits two highly-
doped P+ content diffusions embedded in an N-well con-
stituting a buried control gate. US 2002/005543 also dis-
closes a single-polysilicon PMT including an NMOS tran-
sistor and a coupling capacitor. The coupling capacitor
also exhibits two highly-doped P+ contact diffusions em-
bedded in an N-well constituting a buried control gate.
[0009] US 5 929 478 (especially in fig. 3) discloses a
single-polysilicon PMT including an NMOS transistor
(11) as well as a coupling capacitor (12). The coupling
capacitor exhibits two oppositely-doped diffusion regions
(46, 47) embedded in an N-well (28) constituting a buried
control gate. The coupling area between the gate elec-
trode (36) and the buried control gate (28) separated by
a control gate insulator (35) is however not located be-
tween the two oppositely-doped diffusion regions (46,
47).

BRIEF SUMMARY OF THE INVENTION

[0010] The present invention is directed to a program-
mable memory transistor (PMT) that exhibits significantly
better performance in terms of charge retention and re-
liability. The PMT of this invention is able to make use of

a single polysilicon layer, and is capable of memory re-
tention times of five orders of magnitude greater than
similar single-polysilicon PMT’s. The PMT also provides
improved testability as a result of a greater measurement
sensitivity for defects.
[0011] The PMT of this invention generally comprises
an insulated gate field effect transistor (IGFET) and a
capacitor structure on a semiconductor substrate. The
IGFET comprises source and drain regions in a surface
of the substrate, a channel between the source and drain
regions, a gate insulator overlying the channel, and a first
floating gate on the gate insulator. The capacitor struc-
ture comprises a lightly-doped well of a first conductivity
type in the surface of the substrate, a heavily-doped first
diffusion of the first conductivity type in the lightly-doped
well, and a second diffusion of a second conductivity type
in the lightly-doped well and spaced apart from the first
diffusion so as to define therebetween a surface region
of the lightly-doped well. The capacitor structure further
comprises a control gate insulator that overlies the sur-
face region of the lightly-doped well, a second floating
gate on the control gate insulator, and a conductor in
ohmic contact with the lightly-doped well through the first
diffusion and in further contact with the lightly-doped well
through the second diffusion. The first and second float-
ing gates are electrically connected, preferably as a result
of being formed of the same polysilicon layer, to maintain
the first and second floating gates at the same potential.
[0012] As a result of the above structure, the second
floating gate is capacitively coupled to the lightly-doped
well through the control gate insulator so as to defme a
control gate for the first floating gate. As such, a sufficient
voltage can be applied to the lightly-doped well to cause
ejection of electrons from the drain region of the insulated
gate field effect transistor and trap some of the ejected
electrons in the first floating gate. According to the inven-
tion, PMT’s fabricated with the oppositely-doped diffu-
sions as described above do not experience the initial
drop in Vth that occurs with conventional single-polysili-
con PMT’s when exposed to elevated temperatures, e.g.,
during a data retention bake. As such, the PMT of this
invention is capable of far superior data retention over
comparable single-polysilicon PMT’s. An additional ben-
efit of the invention is the ability to simplify and/or shorten
the aforementioned stress test performed on convention-
al PMT’s to evaluate device reliability on the basis of the
initial Vth drop.
[0013] Other objects and advantages of this invention
will be better appreciated from the following detailed de-
scription.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Figure 1 is a schematic cross-sectional view of a
programmable memory transistor in accordance
with the prior art.
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Figures 2 and 3 are schematic cross-sectional and
plan views, respectively, of a programmable memory
transistor in accordance with the present invention.
Figures 4 through 9 are graphs comparing the volt-
age retention characteristics of programmable mem-
ory transistors configured in accordance with Fig-
ures 1 and 2.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Figures 2 and 3 schematically represent a sin-
gle-polysilicon PMT 10 capable of exhibiting superior
memory retention in accordance with the present inven-
tion. The PMT 10 is similar to prior art double-polysilicon
("Poly1/Poly2") PMT’s except that the second polysilicon
layer is replaced with a lightly-doped well. The PMT 10
differs from prior art single-polysilicon PMT’s (e.g., Figure
1) by the use of diffusions of opposite conductivity type
within a lightly-doped well that defines the control gate
for the PMT, the effect of which is improved memory re-
tention resulting from the elimination of the initial Vth drop
observed with prior art single-polysilicon PMT’s.
[0016] As seen in Figure 2, the PMT 10 is fabricated
on a silicon (preferably monocrystalline) substrate 12
doped with an N-type impurity, e.g., phosphorus, arsenic
or another pentavalent element. A suitable doping level
for the substrate 12 is on the order of about 5x1015 cm-2.
A P-well 14 is formed in a surface region of the substrate
12 by doping with boron or another trivalent element at
a level of about 5x1016 cm-2. A field oxide 16 divides the
P-well 14 into two active regions, one of which is occupied
by an NMOS transistor 18, while the other is occupied
by a coupling capacitor 38. The NMOS transistor 18 is
formed to conventionally include source and drain re-
gions 20 and 22 in the P-well 14, a channel 24 between
the source and drain regions 20 and 22, and a polysilicon
floating gate electrode 26 separated from the channel 24
by a gate oxide 28. The source and drain regions 20 and
22 are more heavily doped than the substrate 12, pref-
erably at a level of about 1x1020 cm-2. Source and drain
metal 30 and 32 make ohmic contact with the source and
drain regions 20 and 22, respectively. Also shown in Fig-
ure 2 is a third region 23 heavily doped p-type for making
ohmic contact with the P-well 14.
[0017] The polysilicon floating gate electrode 26 of the
NMOS transistor 18 is formed by a layer of polysilicon
that also defines a floating gate electrode 46 of the cou-
pling capacitor 38. The floating gate electrode 46 overlies
a tunneling oxide 48 above a surface region of a lightly-
doped N-type (NHV) diffusion 44. The NHV diffusion 44
is preferably doped at a level of about 2x1017 cm-2. Two
diffusions 42 and 43 are shown as being formed within
the NHV diffusion 44, a first of which is a contact diffusion
42 heavily doped n-type, such as on the order of about
1x1020 cm-2. In contrast, the second diffusion is an in-
jecting diffusion 43 heavily doped p-type, such as on the
order of about 1x1020 cm-2. The floating gate electrode
46 serves as an upper capacitor plate of the coupling

capacitor 38. The channel between the diffusions 42 and
43 in the NHV diffusion 44 serves as the second capacitor
plate of the coupling capacitor 38 and the control gate
for the NMOS transistor 18. A control gate metal 50 con-
tacts both the N+ contact diffusion 42 and the P+ injecting
diffusion 43 through a dielectric layer 52 overlying the
surface of the substrate 12. Those skilled in the art will
appreciate that conventional MOS processing can be
used to form the PMT shown in Figure 2, such that spe-
cific processing steps and techniques will not be dis-
cussed here in any detail.
[0018] According to conventional practice, the N + con-
tact diffusion 42 provides ohmic contact with the NHV
diffusion 44. As a result of its opposite conductivity type,
the P+ injecting diffusion 43 does not provide ohmic con-
tact with the NHV diffusion 44. Instead, and according to
the present invention, the P+ injecting diffusion 43 pro-
vides what is termed herein a "stitch" contact, and is be-
lieved to source holes into a P-type inversion layer at the
surface of the NHV diffusion 44 when the PMT 10 is being
programmed. The presence of the P+ injecting diffusion
43 has been demonstrated to greatly improve the mem-
ory retention of the PMT 10 as compared to a PMT that
differs by having a pair of N+ contact diffusions (e.g.,
Figure 1). In addition to its performance advantages, all
layers used in the PMT 10 are core process layers in
NMOS processes, enabling the coupling capacitor 38
and the NMOS transistor 18 (as will as other MOS de-
vices) to be fabricated simultaneously in the same sub-
strate 12.
[0019] In an investigation leading to the present inven-
tion, PMT’s in accordance with Figure 1 ("control") and
Figure 2 were processed side-by-side on a PMT test ar-
ray. The PMT’s were fabricated on a monocrystalline sil-
icon substrate with a twelve micrometer-thick N-type epi-
taxy having an impurity concentration of about 5x1015

cm-2. P-wells were formed in surface regions of the sub-
strate by doping with boron at a level of about 5x1016

cm-2 to a depth of about four micrometers. The source
and drain regions of the NMOS transistors and the N +
contact diffusions of the coupling capacitors were heavily
doped with arsenic to a level of about 1x1020 cm-2 and
a depth of about 0.4 micrometers, while the P+ injecting
diffusions of the PMT’s of this invention and the P-well
contact were heavily doped with boron to a level of about
1x1020 cm-2 and a depth of about 0.4 micrometers. After
forming the gate oxide and tunneling oxide layers (about
250 Angstroms), the floating gates were patterned from
a single layer of polysilicon deposited by low pressure
chemical vapor deposition (LPCVD) to a thickness of
about 3500 Angstroms.
[0020] All devices were erased with a deep UV bake
and then programmed from an initial Vth of about 2V.
Programming the PMT’s involved applying drain and gate
voltages to the NMOS for a few milliseconds or less. With
the source region grounded, a positive voltage of less
than the NMOS breakdown voltage (BVdss) was applied
through a current limiting resistor to the drain region and

5 6 



EP 1 432 039 B1

5

5

10

15

20

25

30

35

40

45

50

55

a positive voltage on the order of about 3 MV/cm applied
to the control gate metal of each device, with the result
that "hot" electrons were ejected from the drain regions
and became stored on the polysilicon floating gates.
[0021] After programming, the control PMT’s reached
a Vth of about 7.5V, while the PMT’s processed in ac-
cordance with this invention reached a higher Vth of
about 8.5V. The PMT’s were then subjected to a standard
data retention bake at temperatures of about 160°C,
180°C or 235°C. As represented by the data plotted in
Figures 7 through 9, the control PMT’S experienced a
rapid initial drop in Vth of between about 1.5 and 2.0V
after the first hour of baking. After the initial Vth drop, the
control PMT’s stabilized and Vth began to drop at a much
slower rate. As evidenced by Figures 4 through 6, under
the same test conditions the PMT’s of this invention did
not experience an initial drop in Vth, but rather Vth de-
cayed at a slow rate through the entire data retention
bake in a similar manner exhibited by the control PMT’s
after their initial drop in Vth. Given that the programmed
Vth was initially higher and that the rate of decay was
overall slower, the PMT’s of this invention exhibited su-
perior data retention with respect to the control PMT’s.
[0022] From the results represented in Figures 4
through 9, it was concluded that PMT’s configured in ac-
cordance with this invention are capable of memory re-
tention times of about five orders of magnitude greater
than the control PMT’s. An explanation was not evident
as to why the PMT’s of the invention did not experience
an initial drop in Vth during the data retention bake. How-
ever, it is believed that the P+ injecting diffusion sourced
carriers to the lightly-doped NHV diffusion to create an
inversion in the surface region of the NHV diffusion, which
is suspected of resulting in a more complete electron
injection, i.e., few (if any) electrons trapped inside the
gate oxide. The higher Vth of the PMT’s processed in
accordance with the invention was attributed to the P+
stitch contact allowing a higher voltage on the control
gate inversion channel.
[0023] From the investigation, it was further concluded
that the PMT of this invention is characterized by im-
proved testability as a result of a greater measurement
sensitivity for defects. More particularly, the initial voltage
drop exhibited by prior art PMT’s necessitated a pro-
longed stress test to determine at what level their Vth’s
would stabilize. By eliminating the initial Vth drop, a de-
fective PMT can be quickly identified by its displaying
any rapid drop in Vth after programming.
[0024] While the invention has been described in terms
of a preferred embodiment, it is apparent that other forms
could be adopted by one skilled in the art. For example,
doping ranges other than those noted could be em-
ployed, the NHV diffusion 44 need not be in a P-well 14
but instead could be formed in another N-type region or
in a P-type substrate, and the entire PMT cell could be
formed in a P-type substrate. Accordingly, the scope of
the invention is to be limited only by the following claims.

Claims

1. A programmable memory transistor (10) comprising:

a semiconductor substrate (12);
an insulated gate field effect transistor (18) on
the substrate (12), the insulated gate field effect
transistor (18) comprising a source region (20)
in a surface of the substrate (12), a drain region
(22) in the surface of the substrate (12), a chan-
nel (24) in the surface of the substrate (12) and
between the source and drain regions (20,22),
a gate insulator (28) overlying the channel (24),
and a first floating gate (26) on the gate insulator
(28);
a capacitor structure (38) on the substrate (12),
the capacitor structure (38) comprising a lightly-
doped well (44) of a first conductivity type in the
surface of the substrate (12), a heavily-doped
contact diffusion (42) of the first conductivity type
in the lightly-doped well (44), an injecting diffu-
sion (43) of a second conductivity type in the
lightly-doped well (44) and spaced apart from
the contact diffusion (42) so as to define there-
between a surface region of the lightly-doped
well (44), a control gate insulator (48) overlying
the surface region of the lightly-doped well (44)
between the contact diffusion (42) and the in-
jecting diffusion (43), a second floating gate (46)
on the control gate insulator (48), and a conduc-
tor (50) in ohmic contact with the lightly-doped
well (44) through the contact diffusion (42) and
in further contact with the lightly-doped well (44)
through the injecting diffusion (43); and
means (26,46) for electrically connecting the
first and second floating gates (26,46) to main-
tain the first and second floating gates (26,46)
at the same potential;
wherein the second floating gate (46) is capac-
itively coupled to the lightly-doped well (44)
through the control gate insulator (48) so as to
define a control gate for the first floating gate
(26) whereby application of a sufficient voltage
to the lightly-doped well (44) can cause ejection
of electrons from the source region (20) of the
insulated gate field effect transistor (18) and
trapping of some of the ejected electrons in the
first floating gate (26).

2. The programmable memory transistor (10) accord-
ing to claim 1, wherein the first and second floating
gates (26,46) are electrically connected as a result
of being defined by a layer of conductive material on
the substrate (12).

3. The programmable memory transistor (10) accord-
ing to claim 1, wherein the conductive material is
polysilicon.
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4. The programmable memory transistor (10) accord-
ing to claim 1, further comprising conductors (30,32)
in ohmic contact with the source and drain regions
(20,22) of the insulated gate field effect transistor
(18).

5. The programmable memory transistor (10) accord-
ing to claim 1, wherein the first conductivity type is
n-type and the second conductivity type is p-type.

6. The programmable memory transistor (10) accord-
ing to claim 1, wherein the insulated gate field effect
transistor (18) is an NMOS device.

7. The programmable memory transistor (10) accord-
ing to claim 1, wherein the programmable memory
transistor (10) comprises a single polysilicon layer.

Patentansprüche

1. Programmierbarer Speicher-Transistor (10), der
aufweist:

ein Halbleitersubstrat (12);
einen Feldeffekttransistor mit isoliertem Gate
(insulated gate field effect transistor) (18) auf
dem Substrat (12), wobei der der Feldeffekttran-
sistor mit isoliertem Gate (18) aufweist einen
Source-Bereich (20) in einer Oberfläche des
Substrats (12), einen Drain-Bereich (22) in der
Oberfläche des Substrats (12), einen Kanal (24)
in der Oberfläche des Substrats (12) und zwi-
schen den Source- und Drain-Bereichen (20,
22), einen Gate-Isolator (28), der den Kanal (24)
überlagert, und ein erstes Floating Gate (26) auf
dem Gate-Isolator (28);
eine Kondensator-Struktur (38) auf dem Sub-
strat (12), wobei die Kondensator-Struktur (38)
aufweist eine schwach dotierte Wanne (44) ei-
nes ersten Leitfähigkeitstyps in der Oberfläche
des Substrats (12), eine stark dotierte Kontakt-
diffusion (42) des ersten Leitfähigkeitstyps in der
schwach dotierten Wanne (44), eine injizierende
Diffusion (43) eines zweiten Leitfähigkeitstyps
in der schwach dotierten Wanne (44) und beab-
standet von der Kontaktdiffusion (42), um da-
zwischen einen Oberflächenbereich der
schwach dotierten Wanne (44) zu definieren, ei-
nen Steuerungs-Gate-Isolator (48), der über
dem Oberflächenbereich der schwach dotierten
Wanne (44) zwischen der Kontaktdiffusion (42)
und der injizierenden Diffusion (43) liegt, ein
zweites Floating Gate (46) auf dem Steuerungs-
Gate-Isolator (48), und einen Leiter (50) in ohm-
schen Kontakt mit der schwach dotierten Wanne
(44) über die Kontaktdiffusion (42) und in weite-
rem Kontakt mit der schwach dotierten Wanne

(44) über die injizierende Diffusion (43); und
Mittel (26, 46) zum elektrischen Verbinden der
ersten und zweiten Floating Gates (26, 46), um
die ersten und zweiten Floating Gates (26, 46)
auf demselben Potential zu halten;
wobei das zweite Floating Gate (46) kapazitiv
mit der schwach dotierten Wanne (44) über den
Steuerungs-Gate-Isolator (48) verbunden ist,
um so ein Steuerungs-Gate für das erste Floa-
ting Gate (26) zu definieren, wodurch ein Anle-
gen einer ausreichenden Spannung an die
schwach dotierte Wanne (44) eine Abgabe von
Elektronen aus dem Source-Bereich (20) des
Feldeffekttransistors mit isoliertem Gate (18)
und ein Einfangen von einigen der abgegebe-
nen Elektronen in dem ersten Floating Gate (26)
verursachen kann.

2. Programmierbarer Speicher-Transistor (10) gemäß
Anspruch 1, wobei die ersten und zweiten Floating
Gates (26, 46) elektrisch verbunden sind als ein Re-
sultat davon, dass sie durch eine Schicht von leiten-
dem Material auf dem Substrat (12) definiert sind.

3. Programmierbarer Speicher-Transistor (10) gemäß
Anspruch 1, wobei das leitende Material Polysilizium
ist.

4. Programmierbarer Speicher-Transistor (10) gemäß
Anspruch 1, der weiter Leiter (30, 32) in einem ohm-
schen Kontakt mit den Source- und Drain-Bereichen
(20, 22) des Feldeffekttransistors mit isoliertem Gate
(18) aufweist.

5. Programmierbarer Speicher-Transistor (10) gemäß
Anspruch 1, wobei der erste Leitfähigkeitstyp n-Typ
ist und der zweite Leitfähigkeitstyp p-Typ ist.

6. Programmierbarer Speicher-Transistor (10) gemäß
Anspruch 1, wobei der Feldeffekttransistor mit iso-
liertem Gate (18) eine NMOS-Vorrichtung ist.

7. Programmierbarer Speicher-Transistor (10) gemäß
Anspruch 1, wobei der programmierbare Speicher-
Transistor (10) eine einzelne Polysiliziumschicht
aufweist.

Revendications

1. Transistor de mémoire programmable (10) compre-
nant:

un substrat semi-conducteur (12);
un transistor à effet de champ à grille isolée (18)
sur le substrat (12), le transistor à effet de champ
à grille isolée (18) comprenant une zone source
(20) dans une surface du substrat (12), une zone

9 10 



EP 1 432 039 B1

7

5

10

15

20

25

30

35

40

45

50

55

drain dans la surface du substrat (12), un canal
(24) dans la surface du substrat (12) et entre les
zones source et drain (20, 22), un isolateur à
porte (28) recouvrant le canal (24) et une pre-
mière grille flottante (26) sur l’isolateur à porte
(28);
une structure de condensateur (38) sur le subs-
trat (12), la structure de condensateur (38) com-
prenant un puits légèrement dopé (44) d’un pre-
mier type de conductivité dans la surface du
substrat (12) , une diffusion par contact lourde-
ment dopée (42) du premier type de conductivité
dans le puits légèrement dopé (44), une diffu-
sion par injection (43) d’un deuxième type de
conductivité dans le puits légèrement dopé (44)
et distante de la diffusion par contact (42) afin
de définir entre les deux une zone superficielle
du puits légèrement dopé (44), un isolateur à
porte (48) recouvrant la zone superficielle du
puits légèrement dopé (44) entre la diffusion par
contact (42) et la diffusion par injection (43), une
deuxième grille flottante (46) sur l’isolateur à
porte (48) et un conducteur (50) en contact oh-
mique avec le puits légèrement dopé (44) via la
diffusion par contact (42) et de plus en contact
avec le puits légèrement dopé (44) via la diffu-
sion par injection (43); et
des moyens (26, 46) de connexion électrique
des première et deuxième grilles flottantes (26,
46) afin de maintenir au même potentiel les pre-
mière et deuxième grilles flottantes (26, 46);
où la deuxième grille flottante (46) est couplée
capacitivement au puits légèrement dopé (44)
par l’isolateur à porte (48) afin de définir une
porte pour la première grille flottante (26), l’ap-
plication d’une tension suffisante au puits légè-
rement dopé (44) pouvant provoquer l’éjection
d’électrons hors de la zone source (20) du tran-
sistor à effet de champ à grille isolée (18) et le
piégeage de certains des électrons éjectés dans
la première grille flottante (26).

2. Le transistor de mémoire programmable (10) selon
la revendication 1, où la première et la deuxième
grilles flottantes (26, 46) sont électriquement con-
nectées du fait de leur définition par une couche de
matériau conducteur sur le substrat (12).

3. Le transistor de mémoire programmable (10) selon
la revendication 1, où le matériau conducteur est du
polysilicium.

4. Le transistor de mémoire programmable (10) selon
la revendication 1, comprenant en outre des conduc-
teurs (30, 32) en contact ohmique avec les zones
source et drain (20, 22) du transistor à effet de champ
à grille isolée (18).

5. Le transistor de mémoire programmable (10) selon
la revendication 1, où le premier type de conductivité
est de type n et le second type de conductivité est
de type p.

6. Le transistor de mémoire programmable (10) selon
la revendication 1, où le transistor à effet de champ
à grille isolée (18) est un dispositif MOS à canal N.

7. Le transistor de mémoire programmable (10) selon
la revendication 1, où le transistor de mémoire pro-
grammable (10) comprend une seule couche de po-
lysilicium.
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